Abstract: To compare the analgesic efficacy and safety of the sole local anesthetic ropivacaine with the combination of both local anesthetic ropivacaine and opioidergic analgesic sufentanil given epidurally on the labor pain control.
INTRODUCTION

L
abor pain has been considered as 1 of the most unbearable pain, and a number of medical procedures have been introduced for relieving it. 1 Epidural analgesia is the most effective procedure over other techniques. 2 Currently available epidural analgesic regimen recommends adding opioids into local anesthetics to provide superior analgesia through sparing local anesthetics and prolonging the analgesic duration over the single shot intrathecal or intermittent epidural bolus technique of labor pain control. 3 The duration of action is of little concern when patient-controlled epidural analgesia is used for labor, and the benefits of local anesthetic-sparing effects induced by opioids must be weighed against opioid-associated acute and long-term side effects for both mothers and neonates. Except for acute side effects such as nausea, vomiting, pruritus, and urinary retention, 1 epidural opioid has been reported to be associated with lower breast-feeding success rate at 6 weeks postpartum, 4 rise in maternal temperature during labor, 5 fetal bradycardia, neonatal respiratory depression, and alterations in neonatal neurobehavior, 6 and overly poor outcomes in newborns. 7 As early as 1980s, Golub and colleagues had paid attention to the disposition of intrapartum narcotic analgesics and its long-term influence on neonatal behaviors in monkeys. [8] [9] [10] The use of preemptive morphine analgesia in neonatal intensive care unit was associated with injury of the long-term neurocognitive, behavioral, and adaptive outcomes in early childhood. 11 In sum, opioid must be used with caution for epidural labor analgesia.
Ahirwar et al observed that sole ropivacaine was effective in decreasing labor pain without any motor blockade compared with a combination of ropivacaine with fentanyl or clonidine. 12 Moreover, when comparing epidural fentanyl only or fentanyl supplemented with bupivacaine during the 2nd stage for labor, no significantly difference was found with regard to delivery method, labor pain control, maternal or neonatal outcomes, as well as the time of the 2nd stage of labor. 13 Our previous study observed the analgesic effect of epidural ropivacaine plus sufentanil for labor, and this analgesic soup effectively relieved labor pain without significant delay of the labor progression. 14 However, in a recently published meta-analysis, fentanyl and sufentanil in combination with bupivacaine have been found to provide comparable analgesic properties via the epidural or intrathecal routes for labor pain relief, but the number of neonates with Apgar 7 was significantly greater in bupivacaine and sufentanil treated women. 15 As thus, we designed this randomized controlled trial to test the hypothesis that sole ropivacaine would produce similar analgesic effect as the combination of ropivacaine with sufentanil but with fewer side effects and superior neonatal outcomes.
MATERIALS AND METHODS
Subjects and Ethics
After the institutional review board approval, primiparous women with a single, live, term fetus, as well as requesting epidural labor analgesia were questioned to participate in the study immediately after entering into the delivery room. All of the eligible parturients signed an individual informed consent. With the analgesia, each parturient was given a detailed interpretation of the epidural puncture and catheterization, analgesics used for epidural analgesia, possible accidentals such as failed epidural catheterization and inadvertent epidural puncture, and alternative rescues that would be provided as well. The study was conducted between January 2014 and June 2014 at a tertiary university hospital in China. The rate of epidural labor analgesia is as high as 95% in our institution during the experimental period. 16 
Exclusion Criteria
Participants with 1 or more of the following indications were excluded from the trial: twin gestation; multiparous women; 18 yr or ! 45 yr; failed epidural catheterization or inadvertent epidural puncture; dependent or allergic to opioidergic analgesics; concurrent with pregnancy-induced diabetes mellitus and hypertension; data collected incompletely; retreated from the study; group assignment violation; and lost to follow-up.
For those who did not request epidural analgesia were not included into the study; but alternative pain relieving methods such as the intravenous or intramuscular analgesia were still available to them. Even the epidural labor analgesia could be requested post the eligibility-checking period, and it still would be provided by the anesthesiologist on duty; however, the corresponding data were not included in this study. Meanwhile, all of the parturients with epidural analgesia or not were all treated with standard obstetric procedures (detailed procedures can be found in our previous work). 14 
Randomization Assignment
After initial screening, eligible subjects were assigned to either the sole local anesthetic group or the combination group through a randomization allocation protocol with the random number generated via the online software QuickCalcs# (GraphPad, San Diego, CA). Numbers with regard to the study group assignment were sealed and kept by 1 nonstudy member. Immediately after epidural labor analgesia requested by the parturient, the group assignment number allocated to determine which analgesic medication would be given was disclosed. Except for the parturients and caregivers, the data-collecting and data-analyzing members were blinded to the group assignment.
Demographic Characteristics
In this study, we collected following demographic characteristics: gestational age of fetus, age at delivery, height and weight of the parturient, smoking or not, education experience, history of surgical operation, history of chronic pain, and depression.
Analgesia Protocol
After initial screening, enrolled participants were randomized into 1 of the 2 groups through the above-mentioned premade random-number table: sole local anesthetic group (epidural ropivacaine only) and the local anesthetic þ opioid group (epidural ropivacaine combined with sufentanil) (Figure 1 ). First and second stages of labor in this study were defined according to the guidelines from the National Institute for Health and Clinical Excellence. 17 Upon subject's request for epidural analgesia and postsignature of informed contents, epidural puncture and catheterization were implemented by the anesthesiologist on duty. The analgesic compositions for epidural medication were as follows: Initially, 45 mg of lidocaine (1.5%) in 3.0 mL containing 5 mg/ mL epinephrine was injected epidurally to all parturients as a test dose. Then, a bolus of 10-mL epidural analgesic with only 1.25 mg/mL (0.125%) ropivacaine or 1.25 mg/mL ropivacaine in combination with 0.3 mg/mL sufentanil was given in the respective groups of the sole local analgesic or the combination analgesia. For the concentration of sufentanil, we used 0.3 mg/ mL as our institutional reference presented in our previous study.
14 After the single bolus, an epidural pump with patientcontrol buttons was connected, the pump parameters were set up as follows: no background infusion, a 10 to 15 mL patientcontrolled bolus depending on patient's height, the hourly volume limit of 30 mL, and the lockout interval of 15 minutes.
If epidural catheterization failed or accidental epidural puncture happened during performing epidural procedures, alternative analgesic was provided, and standard therapeutic procedures were followed, these parturients were excluded from per protocol (PP) analysis, but included in the intention-to-treat (ITT) analysis. 14 
Peripartum Monitor and Management
Before the implementation of epidural labor analgesia, a left or right antecubital vein was catheterized for infusing fluid or drugs. A total of 8 mL/kg of Ringer's solution was administered to supplement the pre-existing fluid deficits and maintenance requirements 15 minutes before the beginning of the epidural medication. Hemodynamic variables, urine output, and the hemoglobin concentration were also monitored to guide the intrapartum fluid management.
According to the standard obstetric indications, oxytocin was titrated by the obstetricians in some parturients. Besides, instrumental vaginal delivery or mediolateral episiotomy was decided and performed by the obstetricians following the maternal, neonatal, or/and obstetric indications. In our institute, the practice of all caregivers including obstetric staffs was standardized under the condition of with or without epidural labor analgesia.
The patient's perception of labor pain was rated from prior analgesia to the ends of the 1st and 2nd stages based on a Numerical Rating Scale (NRS) scoring system (0-10 linear gauge, 0: no pain, 10: worst imaginable pain). Besides, the maternal analgesia satisfaction with the 1st stage, the 2nd stage, and the overall delivery as well was assessed using the Visual Analog Scale (VAS; a 0-10 linear gauge, 0: dissatisfactory, 10: very satisfactory).
Fetal and Neonatal Treatment
External electronic fetal heart rate was continuously monitored and tocodynamometry was applied to all parturients. One-and 5-minute neonatal Apgar scorings were evaluated by the pediatricians. Meanwhile, umbilical cord artery blood gas analysis was measured and recorded.
Primary Outcome
The primary outcome was the analgesic efficacy measured using NRS pain score.
Secondary Outcomes
In this study, we selected following variables as the secondary outcomes: maternal VAS analgesia satisfaction at the end of the different stages of labor; intrapartum epidural analgesia-related maternal side effects and modified Bromage scale (0-3); neonatal outcomes including Apgar scorings and umbilical-cord blood gas. Meanwhile, drug consumption and analgesia-associated cost were also evaluated. The method of delivery, that is, the rates of Cesarean and instrumental vaginal delivery; perineal trauma including mediolateral episiotomy and laceration, and successful breastfeeding at postpartum 6 weeks were also recorded.
Sample Size Calculation
In this study, we calculated the sample size according to patient's self-reported NRS scorings due to the pain score was the primary outcome. In a prior study from which the power table where d (the mean difference in NRS pain score) was established. The overall patient-reported NRS pain scoring in our institution is 3.24, which was regarded as the reference, when ropivacaine was given in combination with sufentanil. In comparison, our pilot study measured 3.53 of NRS pain score when single ropivacaine was given, and the standard deviation (SD) of the sampled patients was 1.29. When a was set at 0.05, b at 0.10, and the power of test (1 À b) at 0.90, a minimum of 207 subjects per group was needed to detect above difference statistically. To account for the potential dropouts or missing data, the sample size was increased to 250 in each group. A 21% increase in sample size in this trial was mainly based on our previous labor pain-associated clinical trials in which the average dropping out rate was 17% (interquartile range, IQR 11-21%). Therefore, the sample size was increased to 250 in each group by the upper limit 21%.
Statistical Analysis
The dropout cases and excluded ones after randomization were analyzed on the ITT basis. All the participants who successfully completed the study were analyzed through the PP manner.
Statistical analyses were done using GraphPad Prism v.5.0 (GraphPad) or SPSS v.13.0 software (SPSS, Inc., Chicago, IL). A value of P < 0.05 was considered to be statistically significant. Data are presented as the mean (SD), median (IQR), or number (percentage). Categorical variables were analyzed using the Chi-squared test. Parametric variables were compared with the Student t test. Non-normally distributed variables including patient's self-rated NRS scores of pain, VAS scales of analgesia satisfaction, and modified Bromage scale were analyzed through Mann-Whitney U test. Different time lengths of various stages of labor were estimated with the Kaplan-Meier curves, and difference between the groups was compared with the log-rank test as described previously. 14 
RESULTS
A total of 500 subjects were screened for eligibility. Nineteen parturients were excluded during the screening period due to the reasons shown in the flowchart (Figure 1) . Eventually, 481 subjects were randomly assigned to the 2 groups with 241 subjects in the sole local analgesic group and 240 subjects in the combination group. There were 77 and 63 participants in the sole local analgesic group and combination group, respectively, were further excluded after randomization because of various reasons shown in Figure 1 . All these excluded patients were analyzed using both of the ITT and PP analyses. Table 1 summarizes the demographic characteristics and medical history of the enrolled patients, and they were comparable between the 2 groups. The initial cervical dilation in both groups was similar ( Table 2 ). As the primary outcome, the average NRS pain scores during different stages of labor were evaluated ( Table 2 ). The NRS pain scores in the combination group was significantly lower than the sole local analgesic group during the 1st stage of labor (P < 0.0001), but the mean difference (D) between the 2 groups was approximately 0.23. And such a difference in pain score did not make a substantial difference of the satisfaction upon the analgesia using the VAS regimen, that is, 10 (10-10) versus 10 (10-10) (P ¼ 0.742; Bold emphasized values indicate statistically significant when P was set at < 0.05. Table 2 ). Other than pain score, the duration of analgesia after bolus injection was recorded. We found that a single bolus of ropivacaine plus sufentanil produced longer (124.0 AE 36.2 minminutes) duration than the sole ropivacaine (117.4 AE 29.9 minminutes; P ¼ 0.004). However, the analgesia onset in both groups was similar, 10.2 AE 3.1 versus 9.8 AE 3.7 minutes (P ¼ 0.419). Although no significant difference was detected in the side effects between the 2 groups, the total number of patients in the sole local analgesic group experienced less side effects than those in the combination group (37.7% vs 47.2%, P ¼ 0.082) ( Table 3 ). This still concerned us that sufentanil addition into ropivacaine causes more side effects even though the difference cannot be detected statistically.
The duration of postanalgesia oxytocin administration in the sole local analgesic group was significantly longer than those of combination group, 4.4 AE 1.8 versus 3.9 AE 1.5 hr (P ¼ 0.029; Table 4 ). The individual analgesia-related drug cost in the sole local analgesic group was significantly lower than that in the combination group, $5.7 AE 2.06 versus $9.76 AE 3.54 (P < 0.0001; Table 4 ). For other secondary maternal outcomes like delivery methods, perineal laceration, and breastfeeding, etc., we did not find marked difference between the 2 groups ( Table 4) .
The 1-minute Apgar scoring was 10 (7-10) versus 10 (6-10) in the sole local analgesic group and combination group, respectively (P ¼ 0.006), and the total neonates with a 1-minute Apgar 7 were 2 (1.2%) in the local analgesic group and 10 (5.5%) in the combination group (P ¼ 0.038; Table 5 ). Figure 2 shows the time durations of different labor stages in Kaplan-Meier curves, and no difference was observed between the 2 groups in all of the stages of labor.
DISCUSSION
The data from our study indicated that sole ropivacaine produced a comparable analgesic effect as the combination of both ropivacaine and sufentanil for labor analgesia. Besides, sole epidural ropivacaine was associated with fewer side effects, less incidence of neonatal lower 1-minute Apgar scoring, and lower analgesia-related cost. This study warranted us to reconsider the rationality of supplementing opioidergic analgesics with local anesthetics for labor analgesia.
The efficacy and safety of ropivacaine in combination of sufentanil for labor pain control had been demonstrated by numerous studies. 18, 19 In our study, the combination of 0.125% ropivacaine with 0.3 mg/mL sufentanil produced a statistically analgesic advantage over the sole 0.125% ropivacaine as demonstrated by a lower NRS pain score during the 1st stage of labor. However, the mean difference (D NRS ¼ 0.23) between the 2 groups are comparable clinically majorly because of 2 reasons: patients in both groups reported their pain <2.5, which are within the endurable scale (NRS 3.0) 20, 21 ; and given the excellent correlation between NRS and VAS of pain, 22 over 20 mm decrease in VAS that equals 2.0 decrease in NRS is considered as a meaningful improvement of analgesia. 23 So all the patients in the 2 groups experienced more than 70% decrease of their NRS pain score, that is, from 9.1 (median, prior analgesia) to $2.3 (median, postanalgesia), which was also defined as a substantial improvement of pain intensity (!50% decrease) by the Initiative on Methods, Measurement, and Pain Assessment in Clinical Trials (IMMPACT). 24 Meanwhile, all of the subjects were very satisfactory with labor pain control during the 1st stage of labor using the VAS regimen, 10 (10-10) versus 10 (10-10) in the sole local anesthetic group and the combination group, respectively. Further, during the 2nd stage of labor, both NRS pain score and VAS analgesia satisfaction scale were not statistically different between the 2 groups. Taken together, we suggested that role ropivacaine produced a comparable analgesic effect as the combination of both ropivacaine and sufentanil for labor analgesia in our study.
Although discontinuing epidural analgesia to improve a woman's ability to push and prevent possible adverse obstetric consequences lacks sufficient evidence support, the practice of discontinuing epidurals late in labor is widespread including our institute. 25 Another possibility we think is that women may concentrate on childbirth per se at the 2nd stage rather than press the PECA button to ameliorate the slight pain. Local anesthetics and opioids appear to act synergistically to provide superior analgesia. 3, 26 It is considered that the addition of sufentanil to ropivacaine may short latency, spare the dose of ropivacaine, and considerably prolong analgesia. 27 Indeed, in our study, a combination of sufentanil and ropivacaine has a relative shorter onset time compared with the sole ropivacaine. However, this difference has no statistical significance. Otherwise, the 1st bolus with a combination regimen had a statistically longer duration than the sole ropivacaine. However, this extent of synergy does not reduce the ropivacaine consumption during childbirth with similar labor duration. Combining the sufentanil consumption only in the combination group, the corresponding drug cost in the sole local analgesic group is unexpectedly lower, nearly half of the combination group per person. Therefore, the advantage of the sufentanil-related synergistic effect on ropivacaine usage was limited in the context of labor analgesia.
Compared to an equipotent sensory dose of bupivacaine, ropivacaine may be associated with less potential for cardiovascular toxicity and less motor blockade. 28, 29 A wide range of ropivacaine concentration varying from 0.08% to 0.20% may be applied for epidural labor analgesia, with less motor block when lower than 0.17%. 30 No patients in both groups underwent motor blockade with the ropivacaine concentration of 0.125% evaluated with the modified Bromage scale. Other than the relative lower concentration of local anesthetics used in our study, the cumulative dose of local anesthetics consumption determining the degree of motor block was also comparable in the 2 groups. Further, the mode of patient controlled epidural analgesia (PCEA) self-administered bolus without background infusion used in our study was also been considered to be associated with less anesthetics consumption, which indirectly producing less motor block. 31 As such, either combining sufentanil or not, 0.125% ropivacaine for labor analgesia with PCEA regimen produced no motor block and was safe for ambulation analgesia. The overall incidence of intrapartum side effects in the sole local analgesic group was fewer than the combination group even though no statistical difference was detected. This kind of subtle difference is crucial clinically because no patient is willing to say ''yes'' to any type of side effect. The only side effect with the sole local analgesic group was maternal pyrexia. It is suggested that intrapartum pyrexia was common with epidural labor analgesia per se, with the mechanism unclear, irrespective of the opioidergic analgesics supplemented or nor. 32 Otherwise, 3 women in the combination group complained of pruritus, and additional 4 had fetal heart deceleration, all of them resolved spontaneously eventually. In a systematic review, intrathecal opioid versus epidural or systemic opioid analgesia in laboring women, intrathecal regimen resulted in a significant increase in the risk of maternal pruritus and fetal heart deceleration. 33 In this study, the overall cesarean rate based on an ITT analysis was approximately 10% in both groups. No perineal laceration more than 2 degree was observed, indicating that no partial or complete obstetric anal sphincter injuries, which partially explained why no person was followed to have postpartum fecal or urine incontinence.
Otherwise, Wong and colleagues found that intrathecal opioid use significantly shortened the 1st stage of labor compared with the systemic opioid administration, 34 but in our trial, we did not find a prolonged duration of the 1st stage of labor in women received sole ropivacaine compared with the combination group. Meanwhile, similar labor duration was under the similar proportion of women receiving either oxytocin induction or augmentation of labor. Although a statistically longer duration of postanalgesia oxytocin augmentation in the sole local analgesic group was observed, the overall oxytocin consumption was not statistically different between the 2 groups. More important, no increased cesarean delivery and instrumental vaginal delivery was observed due to the longer duration of oxytocin administration in the sole local analgesic group in our study, which was in line with previous reports. 35 Although epidural analgesia per se or intrapartum oxytocin administration was suspected to interfere with normal breastfeeding, 36 ,37 the breastfeeding rates in either group was over 99%.
Neonates in the combination group had significantly lower 1-min Apgar scoring than the sole local analgesic group. This suggested that sufentanil supplement exert significant impact on neonatal 1-min Apgar ratings. Controversial results exist with respect to the influence of opioid exposure on neonatal Apgar scoring. Wang et al 38 found the common doses of fentanyl and sufentanil used with an epidural/spinal technique in labor analgesia were safe for neonates with a similar incidence of 1-min Apgar <7. In addition, Cicarelli et al 39 found the use of sufentanil in the combined spinal-epidural labor analgesia did not change Apgar scorings of the newborns. However, a systemic review found that neonates with parenteral opioid exposure had a higher incidence of poor 1-min Apgar scorings and need more naloxone. 40 So, considering the effect of sufentanil exposure on neonatal Apgar scoring, it is necessary to consider the neonatal risk of sufentanil supplement for labor analgesia.
Some limitations of our study need to be acknowledged before drawing conclusion. First, we only observed the primiparous women with a single, term fetus, so the results in other populations need to be tested further. Second, this study was confined to a specific ropivacaine and sufentanil concentration combined with certain PCEA protocol without background infusion, whether the results may be applied to other analgesics such as bupivacaine, fentanyl, or other epidural labor analgesia regimens such as PCEA with a continuous infusion dose remains unclear. Further, other than lower neonatal Apgar scoring associated with sufentanil supplement, the long-term detriments of opioids exposure on neonates were not explored in this study and deserved further investigation.
In summary, this study provides robust evidence that the sole ropivacaine produced a comparable analgesic efficacy as the combination of both ropivacaine and sufentanil for labor. Considering the analgesia-related more side effects, higher cost, and lower neonatal Apgar scoring associated with sufentanil supplement, it is worth reconsidering the rationality of supplementing opioids with local anesthetics for epidural labor analgesia.
